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요  약 

 

기존 색전 물질의 단점을 개선하기 위해 새로운 형태의 수화젤 색전 코일

을 제작하였다. 현재 가장 빈번하게 사용되는 색전물질인 금속 코일은 큰 규

모로 인해 미세 혈관에는 시술이 불가능하며 전체 뇌 혈관 중 미세혈관이 차

지하는 비중이 크다는 사실을 고려할 때 이는 큰 단점이라고 볼 수 있다. 또

한 이 문제를 해결하기 위한 대체품들의 효용성도 아직 미흡한 실정이다. 생

체 적합성이 뛰어나며 흡수성이 뛰어난 acrylic acid를 poly(ethyleneglycol 

dimethacrylate)를 이용해 화학적으로 가교하였다. 색전물질의 필수 요건 중 

하나인 방사선 비투과성은 X-선 혹은 컴퓨터 단층촬영(CT)로 관찰 가능한 

성질을 지칭하며 tantalum 금속 입자와 합성한 iodine 화합물을 사용하여 이

를 부여한 수화젤 코일을 제작하였다. 

본 연구에서 소개하는 수화젤 색전 코일은 건조 상태에서는 일직선 형태

이나 수분을 함유하면 소용돌이 형태로 휘면서 서로 엉키는 현상을 보인다. 

이는 수화젤의 가교도에 따라 함수율이 달라지는 원리를 응용한 것으로 가교 

정도가 다른 수화젤 이중층을 제작해 수분 흡수 시 부피 팽창 정도의 차이로 

인해 이중층이 뒤틀리며 휘는 것이다.  

Tantalum 금속입자와 iodine 화합물을 넣은 수화젤 코일 모두 기존 수화

젤 색전물질에 비해 향상된 기계적 물성을 보였으며 가교도 조절을 통해 휘는 

정도를 변화시키는 것이 가능하였다. 방사선 비투과도가 뼈의 2배 이상으로 

CT를 통해 관찰이 용이하였으며 모형실험에서 60 % 이상의 폐색 치밀도를 

보여 색전물질로서 효용성이 높은 것을 알 수 있었다. 

 

주요어: poly(acrylic acid), tantalum, iodine, hydrogel, cerebral aneurysm, 

embolization 

학번: 2012-23268 
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Table 1 - 1. Conventional embolic materials and their problems  

Agents  Material s Problems  

Liquid 

agents  

Absolute ethanol  Occurs tissue damage  

Cyanoacrylate  Considerable skill required  

N- butyl - 2-

cyanoacrylate  

Highly dangerous due to fast 

polymerization  

Particulate 

agents  

Polyvinyl alcohol  
Reopening of occluded aneurysm  

Lack of radiopacity  

Tris - acryl gelatin  Cause intraluminal thrombosis  

Mechanical 

devices  

Detachable balloon  
Only for cerebrovascular 

treatment  

Metal coil  
Relatively low packing density 

and thrombus formation  
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Figure 1 - 1. Schematic  diagram of p hotolithography  technique  
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Figure 1 - 2.  Schematic diagram of hydrogel coil Śs bending 

behavior  
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1.  

 

     acrylic acid  ( Aldrich , 99 %) 

 poly(ethyleneglycol dimethacrylate) (PEGDM, Aldrich, Mn 750)  

.   UV      

irgacure 651 (Ciba, 2,2 - dimethoxy - 1,2 - diphenyl  ethanone)  

.     tantalum    (Hongwu 

Nanometer, APS 200 nm, purity 99+%)   Triiodo benzoylox oethyl 

methacrylcate  (TIBOM)  . TIBOM  2,3,5 - triiodobenzoic 

acid  (TIBA, Aldrich, 98 %)  2- hydroxyethyl methacrylate (HEMA, 

Aldrich, 97 %)      4-

dimethylaminopyridine (DMAP, TCI) ,   N, NŚ-

dicyclohexylcarbodiimide  (DCC, Aldrich, 99 %)  .   

 poly(vinylpyrrolidone) (Aldrich, Mw 10000)  ethanol ( 99.5+%)

 10 wt %   .       

. 

 

2.      

 

2.1 .       
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       iodine  

vinyl    triiodobenzoylox oethyl methacrylate  

(TIBOM)  .  

  2,3,5 - triiodobenzoic acid (TIBA) 3.02 g  100 ml 

dichloromethane (Aldrich, 99.8 %)       

 .  4- dimethylaminopyridine (DMAP) 0.097 g   

 N, NŚ- dicyclohexylcarbodiimide (DCC) 1.378 g     

 0 oC    hydroxyethyl methacrylate (HEMA) 0.8 g

         . 

    dicyclohexyl urea      

 , 1 N HCl (Samchun , 35 - 37 %)  , 1N sodium 

bicarbonat e (Daejung, EP)   3  .   

      sodium sulfate  (Junsei, EP)    

   .     (Evaporator)

        TIBOM  

[ Lakshmi  &  Jayakrishnan  et al , 2002] .     

 

2.2.        

 

         

PAA     .  (inhibitor)  

 PAA   PEGDM      1:1, 30:1, 

50:1, 70:1   .   (photoinitiator)  

irgacure 651  5 wt%      30  
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sonication .  

        UV ( UVP, black -

ray B - 100AP)    100 əm,  6 cm      

        30:1, 50:1, 70:1 PAA : 

PEGDM   300 ɛl casting .    2  40

 UV           acetone  

(99.5+%)  .       acetone  

   50 oC    10  .  

         Ta - PAA  

 TIBOM - PAA    . Ta - PAA   Ta 

1 g  ̀Ethanol (99.5+%) 1 ml  1:1 PAA :PEGDM  300 əl   

2   sonication . TIBOM - PAA   TIBOM 0.45 g 

 chloroform (99.5+%) 1 ml  1:1 PAA:PEGDM  300 əl  

   TIBOM     sonication .  

   1:1 PAA:PEGDM    

  casting        PAA  

 UV  .    UV     20cm

, Ta - PAA   3  30 , TIBOM - PAA   6  

.      acetone    

     .   acetone  

  24 h  , 50 oC   24 h  

.        Table 2 - 1.  

. 
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2.3.       

 

         (dip -

coating method)        

.    2.1      4   

,   PVP  ethanol    3:7   . 

4     3     50 oC   

 ethanol   PVP     .   
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Figure 2- 1. TIBOM synthesizing process  
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Figure 2- 2. Synthetic scheme  of HEMA, TIBA, and synthesized 

TIBOM  
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Figure 2- 3. Synthetic scheme of a) Ta - PAA hydrogel, b) 

TIBOM - PAA hydrogel  

 

 

 

AA  PEGDM 

AA  

PEGDM 

TIBOM  

a)  

b)  



 

20  

 

 

 

 

 

 

 

 

 

 

 

Figure 2- 4. Fabrication of h ydrogel coil bilayer  
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Table 2 - 1. Naming of fabricated hydrogel coil bilayer  

 Upper layer  Down layer  Naming  

Ta + PAA 

hydrogel  

30:1  1:1  

+  

Tantalum  

Ta - PAA 30:1  

50:1  Ta - PAA 50:1  

70:1  Ta - PAA 70:1  

TIBOM - PAA 

hydorgel  

30:1  1:1  

+  

TIBOM  

TIBOM - PAA 30:1  

50:1  TIBOM - PAA 50:1  

70:1  TIBOM - PAA 70:1  
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Figure 2- 5. Synthesized a) T a- PAA coil, b) Ta - PAA bundle, c) 

bending behavior  of Ta - PAA coil in wet state  

 

a)  b)  

c)  
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Figure 2- 6. Synthesized a) TIBOM - PAA coil, b) TIBOM - PAA 

bundle, c)  bending behavior  of TIBOM - PAA coil in wet state  

a)  b)  

c)  
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3.  

 

3.1.     

 

2.1   iodine , TIBOM    

      ( Nuclear Resonance Spectrometer , 

NMR)  .   Bruker  Avance - 500  

  500 MHz   .  TIBOM  

dimethyl sulfoxide (DMSO)   . 

 

3.2.    

 

   ( Fourier  transform infrared spectrum, FT - IR)  

2.1   TIBOM    . Bruker   

TENSOR27     , ,   

wavenumber 500 ~ 3500 cm - 1    . 

 

3.3.    

 

Ta - PAA  TIBOM - PAA        

  Ta  TIBOM        

( Thermal gravimetric  analysis, TGA)  . 
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  TA instruments  Q- 5000 IR  . 2.2  

   acetone    50 oC   24  

     . 16  mg     60 

ml min - 1    25 oC  800 oC  10 oC min - 1   

    .  

 

3.4. X    

 

TIBOM - PAA   iodine     

 X   ( X- ray Fluorescence Spectrometer , XRF )  

.    TIBOM - PAA     

Acetone   24h   50 oC   24    

.   Triiodobenzoic acid (Aldrich, TIBA)  

. Shimadzu  XRF- 1700      

   iodine     . 

 

3.5.   

 

(swelling ra tio)         

 ,         

  .    Ta    

1:1 PAA   TIBOM   1:1 PAA     

1:1, 30:1, 50:1, 70:1 PAA:PEGDM   .  

    acetone   24 h    50 oC  

 24 h  . 7  7  0.3 mm3    

 37 oC           
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  .   20      

 .  ƿ      . 

d

a

W

W
=g   

  W  a     , Wd      

. 

 

3.6.   

 

         

(Dynamic mechanical thermal analyzer , DMA )  .   

Mettler Toledo  DMA/SDTA861e    37  oC  

      (storage modulus)   

.     1N, (displacement)  3 əm   

.  Ta - PAA 30:1, 50:1, 70:1   TIBOM -

PAA 30:1, 50:1, 70:1      acetone   24 

h   50 oC   24 h    4 cm,  

0.5 cm   . 

 

3.7.      

 

2.2          

     .     

            

        .  
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         .   

 30:1  1:1, 50:1  1:1, 70:1  1:1 PAA:PEGDM    

      Ta - PAA  3 , TIBOM -

PAA  3   6      37  oC 

 digital microscope (AM413ZT Dino - Lite Pro Polarizer, AnMo 

Electronics Corp.)   55  . 

 

3.8.     

 

2.2   Ta - PAA, TIBOM - PAA   ,  

         (field emission 

scanning electron microscope, FE - SEM)   , JEOL  

JSM- 6701F  . 2.2    100   Ta -

PAA, TIBOM - PAA         

   . 

 

3.9.    

 

    X    2.2  2.3  

 Ta - PAA  TIBOM - PAA       

   ( CT )   .  GE healthcare

 Discovery CT750 HD  .   1.4   

HU  . HU     . 

 

(5 ρπππ
ʈ ʈ

ʈ
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ɛX   X      ɛwater   X- ray 

  .    0,  - 1000,  1000  HU 

 . 

 

3.10 .  

 

2.2   2.3   Ta - PAA, TIBOM - PAA   

      Figure  2- 7.   

 glass aneurysm  in- vitro  .   8 mm, 

5 mm  2/3  glass aneurysm      

       (pulsatile pump)  

  80    ( Figure  2- 8.) . Micro Vention  

 Boston Scientific   (micro catheter)     

 (microguide wire)     aneurysm  

 . Ta - PAA  TIBOM - PAA   30:1  1 , 50:1 

 1 , 70:1  2      . 
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Figure 2 - 7. Image of glass aneurysm model  
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Figure 2 - 8. Experimental set - up to mock delivery into a glass 

aneurysm  
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.    

 

1. Ta - PAA hydrogel   TIBOM - PAA   

 

1.1.    

 

PAA      . 100 oC  

           

         200 

oC  .    H2O   

(dehydration)    PAA    10 %  

.    350 oC     

(decarboxylation)     CO2   ketone  

. 350 oC         

  [ Maurer, Ratcliffe et al 198 7; Mcneill, Sadeghi, 1990] . 

Figure  3- 1   TGA    Ta - PAA  

 Ta          

    PAA    .  Ta 

  600 oC       

    76  %        

    Ta    . TIBOM - PAA 

      380  oC    

  TIBOM      [ Galperin & 

Margel, 2007 ] .   TIBOM - PAA  TIBOM   
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   .  

 

 

 

1.2.    

 

        

      Figure  3- 2.  . 

         

  .        

          

   [ Anseth, Bowman, Peppas, 1996 ; Smedt, 

Lauwers  et al, 1995 ] .      PAA 

     Ta - PAA , TIBOM - PAA  

         

   .  

         

     PAA     

  Ta - PAA  TIBOM - PAA   

   . Ta - PAA     

  3.4 GPa, 2.9  Gpa, 2.6 GPa  PAA  8    

.  Ta          

     Ta     

  [Morimune et al., 2011] . TIBOM - PAA   

30:1, 50:1, 70:1   2.2 GPa, 1.4 GPa, 1.2 GPa    

.   TI BOM      Ta  
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 [ Anseth, Brannon - Peppas et al, 1995 ] .     

           

    ,     

           . 

 

 

 

1.3.      

 

Ta - PAA  TIBOM - PAA,      

 PAA          

   Figure 3- 3.  . PAA  TIBOM - PAA 

        Ta - PAA  

   Ta         

 .  

           

            

 (gradient)    .     

           

   . Ta - PAA   Ta     

      Ta    

 .  

TIBOM - PAA   TIBOM  PAA    

     TIBOM      

PAA      Ta - PAA  Ta  
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    . 

 

 

1.4.    

 

2- 2- 1   TIBOM       

  .   Figure 3- 5.  . 

5.7 ppm  6.0 ppm  TIBOM  vinyl     

, 7.7 ppm  8.3 ppm  aromatic  ring   , 4.5 ppm 

 methylene group    (peak)    

 TIBA  HEMA         

[ Lakshmi, Jayakrishnan  et al, 2002]  

  TIBOM - PAA      

Figure 3- 6.  .  PAA  TIBOM - PAA 

      TIBOM - PAA    

1521 cm - 1  1544 cm - 1   ,   

aromatic ring      .  aromatic ring  PAA  

 TIBOM     PAA - TIBOM  

  . 

TIBOM - PAA       iodine

    X    .   

  TIBOM     iodine   54 wt%   

 iodine    52 wt%       

.    AA     TIBOM   

    .  
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Figure 3 - 1. TGA curves of P AA hydrogel  (straight line), Ta - PAA 

hydrogel (dashed line), and T IBOM - PAA hydrogel (dotted line)  
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Figure 3 - 2. DMA graph  of Ta - PAA 30:1, 50:1,  70:1 and TIBOM -

PAA 30:1, 50:1, 70:1 coil in dry state  
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